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[METHOD OF FORMING AM ELECTRONIC DEVICE 

The present invention relates to a method of forming an electronic device. In 
particular, the present invention relates to a method of forming a sensing 
5 device and a method of forming at least part of a monochrome or colour 
display on a surface. 

Semiconductor devices, and in particular integrated circuits, are the basic 
elements of electronic circuits. Integrated circuits typically consist of a number 
10 of discrete layers, formed from insulating, semiconductor or electrically 
conducting material, formed on a semiconductor substrate. These layers can 
form part of a component of the integrated circuit, such as a transistor, an 
Interconnection between components, or provide an isolation barrier between 
components. 

15 

The fabrication of devices involves a number of different processes for forming 
the layers which make up the device. Such processes include: 

photolithography; 

vacuum deposition; 
20 - chemical vapour deposition; 

oxidation; 

etching; 

masking; and 

dopant diffusion. 

25 The number of processes required to manufacture, for example, a field effect 
transistor makes the manufacturing process slow. In addition, the use of 
processes such as etching and dopant diffusion which are difficult to accurately 
control can lead to loss in accuracy in the shape and performance of the 
finished product 

30 

Drop-on-demand printing is a known printing technique whereby a droplet of 
ink is ejected from a ink-jet prfnthead. The droplet impacts with a porous or 
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semi-porous surface, dries and forms a spot which forms a recognisable 
pattern and colour such as type. 

According to one aspect of the present Invention there is provided a method 
5 of forming an electronic device using the technique of droplet ejection to 
deposit droplets of deposition material, said method comprising depositing a 
plurality of droplets on a surface to form the device so as to comprise multiple 
discrete portions. 

10 The present invention can make use of an ink-jet printhead to eject droplets 
of an array of custom fluids that coalesce on a surface and when suitably dried 
form a three-dimensional feature to form all of the elements necessary to form 
an electronic device, for example, a gas sensor device or a multiple element 
gas sensor switching array. 

15 

Preferably, the plurality of droplets comprise at least one droplet of one 
material and at least one droplet of another material. 

The volume of each droplet is typically between 1 picolitre and 1 microiitra. 
20 This enables the final shape of a device to be accurately controlled during the 
formation thereof, and enables a wide variety of different shapes of devices to 
be formed - 

In one preferred embodiment the electronic: device Is a transistor, preferably 
25 a field .effect transistor. 

Preferably, the method comprises the steps of depositing a gate region on said 
surface, depositing a gate insulator layer over said gate region, depositing a 
source region and a drain region on said gate insulator layer, said source 
30 region being remote from said drain region, and depositing an active 
semiconductor layer between said source region and drain region 
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Themethod may further comprise the step, prior to the deposition of said gate 
insulator layer, of depositing a gate electrode insulator layer at each end of 
said gate region. 

5 The method may further comprise the steps, prior to the deposition of said 
active semiconductor material, of depositing interface layers on facing walls of 
said drain and source regions; into which said active semiconductor material 
diffuses, during deposition and/or curing thereof so as to control the barrier 
height of said transistor. 

10 

The method may further comprise the step of depositing an organically 
modified ceramic layer over said transistor to isolate hermetically the transistor. 

The droplets forming respective layers or regions may be supplied by 
15 respective droplet deposition printheads. 

Alternatively, the droplets forming respective layers or regions are supplied by 
a butted droplet deposition printhead having a plurality of separate fluid 
supplies. 

20 

In another preferred embodiment, the electronic circuit element is a diode. 

In another embodiment, the present invention addresses the problem of 
manufacturing cheap, efficient thin-film based microelectric sensors for a wide 
25 range of applications and a wide range of transduction types, including, but' not 
limited to, conductometric, acoustic, piezoelectric, photocapacitfve, 
amperomatic and potentiometric devices. 

The device may comprise a plurality of portions comprising respective layers 
30 of a multi-layer sensing device.: Such a device may be a micro-, nano- or 
molecular thin film sensing device, that is, a sensor having a thickness 
typically less than 10 microris. 
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Thc application of theinvention is wide. -For Jnstance, tho sensing device may. 
comprise one of: 

a chemoresistor; 

a chemocapacitor, 
5 a chemodiode: 

• a chernotransistor, 
a thermistor, 

a micropeilistor; 
a thermoelectric sensor 
10 a piezoelectric sensor, 

a surface acoustic wave device; 
a multiple element gas sensor 

a conducting polymeric device for sensing polar molecules at room 
temperature, for low-powered gas sensing and odour-sensing electronic 
15 "noses"; and 

a sensor for sensing nanobiological material possessing chirality and/or 
selectively recognisable receptor sites, thus extending printing 
technology to advanced biosensors and "cellular engineering* with 
numerous applications in medicine and science. 

20 

Printing materials may include, but are not restricted to: 
phthalocyanines; 

• pyrrones; 
indoles; 

25 • .furans; 

potyphenylacetates; 

metallo-organics. such as ZnO and Ti0 3 ; 
steric acid; and 
temperature-sensitive inks. 

30 

One or more of the portions of the device may comprise part of an amorphous 
silicon thin film transistor switching array- 
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A plurality of sensors may be deposited in a one -dimensional, two-dim ensiona l 
or three-dimensional array. Examples of such an array include, but are not 
restricted to: 

biological arrays for detecting, for example, hormones, sugars and/or 
proteins; 

chemical arrays for detecting, for example, vapours, odours, gases 
and/or humidity; 

magnetic arrays, comprising, for example, Hall plate detectors and/or 
rnagnetotransistors; 

mechanical arrays for detecting, for example, pressure, displacement 
and/or torque; 

radiation arrays for detecting, for example, localised imaged infrared, 
ultra violet, visible light and/or microwave radiation; and 
thermal arrays for detecting, for example, temperature and/or contact 
heat flow. 

In a preferred embodiment, the method further comprises the step of 
depositing a biocompatible layer. 

20 The biocompatible layer may or may not be part of a sensing device. 
Accordingly, in a second aspect the present invention provides a method of 
forming a biocompatible layer on a substrate using the technique of drop 
ejection to deposit droplets of deposition material, said method comprising 
depositing a plurality of droplets on said substrate to farm said biocompatible 

25 layer so as to comprise multiple discrete portions. 

The biocompatible layer may formed from polyethylene glycol, or similar 
materials. 

30 The present invention relates to the manufacture of a polymeric battery 
(including, but not limited to, a supercapacitor, ionic conductor and ionically 
conductive device) using a droplet deposition technique. 



10 
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Accordingly — in another preferred embodiment, the- device comprises a 
polymeric battery, preferably a thin film battery. Such a battery can provide a 
power source of limited life for driving, for example, a sensing device. 

5 The device may consist of a flexible or rigid plastic, glass or other substrate 
material on to which is printed a bottom contact (formed from, for example, 
doped polyanrline, TiS 2 ormocer. etc.), a polymer electrolyte (formed from, for 
example, PEO/L1CIO V PPO/LiCF 3 S0 3 , poiyphosphazene, polyelectrolyte. etc.) 
and a top contact (formed from, for example, doped polyaniline. ormocer, etc) 
10 to form a basic cell. The contacts and electrolyte layers may be deposited in 
a sandwich structure so that a specific number of cells can be printed one on 
top of the other to form a multiple layer capacitor or battery. 

Alternatively, in another preferred embodiment, the device comprises a 
15 heteroface solar cell. Such a cell can provide light-induced power for driving, 
for example, a sensing device. 

In another preferred embodiment, the device comprises a photovoltaic 
structure. Preferably, the photovoltaic structure comprises at least part of a 
20 solar cell. 

The present invention addresses the problem of manufacturing a cheap, 
efficient, photovoltaic structure that converts solar energy into electrical energy, 
including donor-exciton-acceptor (DEA) photocells and polymer- 
25 buckminsterfullerene heterpjunctions. 

The present invention can make use of a droplet deposition technique and a 
continuous ink jet printhead and electrostatic spray head, etc to eject droplets 
of an array of custom fluids that when suitably dried/solidified on a specific 
30 surface form all the elements of a solar cell (photovoltaic) device. The solar 
cell may be a thin- or thick-film device and/or a single or multiple heteroface 
device. 
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Saidsurface-maycomprise^eont™ 

plastic. The method may utilise a reel-to-reel process in order to make use of 
an in-line printing system for printing one or more layers of at least one device 
as required. 

5 

Printing materials include, but are not restricted to: 
conjugated polymers; 

monomerfc ami polymeric squarine dyed polymers; 
metallo-organtcs. such as ZnO and H0 2 ; 
10 • C M -doped conducting polymers; 
• potythtopenes; 

phenylenvinytenes; 

and mixtures thereof. 

15 Preferably, the method further comprises the step of depositing a layer of 
optical material on said solar icett. The optical material may comprise one of 
an organically-modified ceramic and a polymer. This layer can provide the 
following functions: 

1 . . Moisture and water vapour barrier 

20 2, Wear resistant anti-reflection surface 

3. Micro lenslet array far maximum light collection efficiency. 

The present invention also relates to the manufacture of a molecular electronic 
or photonic device or structure (including quantum dot and superiatNce 
25 structures) using a droplet deposition technique. 

Accordingly, in a further aspect, the present Invention provides a method of 
forming at least part of a molecular electronic or photonic device on a surface 
using the technique of drop ejection to deposit droplets of deposition material, 
30 said method comprising depositing a plurality of droplets on said surface to 
form at least part of said device so as to comprise multiple discrete portions. 
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Typical application areas include, but is noHimited torquantuminterfefence 

and lattice domain memory devices, charge blocking junctions, cellular 
structures, magnetic bubble memories, and neural networks. 

5 The present invention also relates to a manufacturing method whereby a 
droplet deposition technique is applied to the fabrication of an electronic 
structure that has been partially constructed using micro-electro-rnaehined 
methods. 

10 Accordingly, in another aspect the present invention provides a method of 
forming at least part of an electronic structure using the technique of drop 
ejection to deposit droplets of deposition material, said method comprising 
depositing a plurality of droplets on a partially formed structure to form a 
complete structure. 

15 

An example is the manufacture of a ferroelectrically driven silicon cantilever, 
in which a ferroelectric thin film is deposited on a prefabricated cantilever 
using the placement accuracy of a droplet deposition technique to deposit a 
sol-gel-type fluid onto the cantilever free surface, after which the ferroelectric 
20 film is crystallised using a rapid thermal processing method. A similar 
deposition technique can be used to form a 3-D shaped tuning mass on the 
end of the cantilever in order to control the resonant behaviour of the structure. 

The present invention also relates to the deposition of soluble or dispersed 
25 phosphors and dyes contained in 8 suitable fluid medium for the purpose of 
providing a selective area deposition of the said phosphor for device 
applications. 

An example is the use of this technique for field emission flat panel displays 
30 in which It is necessary to have a phosphor layer that emits photons when 
impacted by energised electrons. The deposition technique can be employed 
to provide one or more phosphor layers adjacent to an imaging pixel on a 
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typically glass co*"»r that house s the transparent top contact 



10 



Another example is the use of a deposition technique to apply stripe or pixel 
dye fitters to both photovoltaic (visible and infrared CCD imaging arrays) and 
emissive (polymer electroluminescent diodes and displays) devices that require 
selective area filtering. The dyes and/or phosphors can be deposited in 3-D 
as required, with the height variation being selective over the deposition 
surface- Typical deposition materials include ferrous chelates, 
silicophosphates, ormocers, etc. 

Home and business computers are becoming increasingly faster and require 
high speed transfer of graphics. In the limit this will require the use of optical 
communications, which are currently serviced by fibre-optic cables. 

15 The present Invention relates to the application of a droplet deposition 
technique to the manufacture of a cable that contains electrical highways tor 
power transfer and/or optical highways for information transfer covering UV- 
visible-IR electro-magnetic radiation and also Including charge 
transfer/moderate power density electronic signals making use of conducting 

20 polymer tracks. 

Accordingly, in another preferred embodiment, the electronic device comprises 
an optical waveguide, at least two adjoining portions of said waveguide being 
formed from different deposition materials. 

25 

Preferably, the method comprises the steps of depositing a polyimkJe layer on 
said surface, a PMMA layer on said pblyimide layer and an organically- 
modified ceramic layer on said PMMA layer. , 

30 The surface may be flexible, preferably a plastics sheet. 

In another preferred embodiment, the electronic device comprises a charge 
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Preferably, said charge *— • -WW * fe " nBd ft ° m ■*"*'•' 

The abMy to dteedy print •» and 

baling conductors on to . ribbon*, flexible sh^a*^ ESftMi 

prefab based on . reel to - pmces^ -r»*pd, 
a cheap and reliable sou*, of cable to such applications. 

^ prase* invent atoo P «- -P"*" - 

toJeetfc «n «m etaebo^c device (op** 

Il^opuc ce». high sp«d opbca. « *» -** ma*.. u» of. but ,s no, 

restricted to, an ethylene glycol-based fluid source. 

n . metho d of menufa^re use, a droplet deposit technk,* . a 

^ectrtc so.u*,n (such as «n»r. potyme, 

Ilformfrornaprinthead. T* «« * ^ * 

mT^nofaco^r^^ 

I materia, -r, in Bene*, regulre high 

lr » induce the eon,* orography in the fully .inter* ^~M* 

Sre^eop^on. One or mo« layer, of material may be «*■■»-«•- 

l*a*n of a compfcx device, such a. a wafer-sc-e «*# confer. 

The present invention also relates to the deposition of a ^)ye^4R 

when cured us*g a euiiabl. curing techn.au. (for example. 

^Uon. * drying. KTP, - resuit in a sbucUK. that undo, the 

o, a susabte magnKude of current 1 undergo thermal breaWown -ead,ng * 

TdiLon^ .n ma conduct pamway between the x-y addressable 

comacts mat are powered with respect to that fusible l.nlc 

Accordingly, in another preferred embodiment, me e,e=*>nic devfc. comprises ; 
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The toiwe Wen be access* soas to deSn. a specific logic .-ray ptfhm 
tor use in »e hardw^g of a motor fencer or other auch eiecUomc dnve 
s or sequence (for example, as in a washing machine programme). 

The present invention also relates to the manufacture of a thermal imping 
array using a droplet deposition technique. 

10 In another aspect, the present invent*, provide, a method of forming at least 
par, of a Mm* knag* army using the technique of drop ej«*,n to depee* 
droplet, of deposition material, said method comprising depositing a plurality 
of droplets on said surface to form at lea* par. of said thermal Imaging array 
«, as to comprise multiple discrete portion., at least two adjoining portions 

15 being formed from different deposition materials. 

A basic structure consists of an active matrix transistor array (printed 
p^meric. amorphous silicon, crystalline silicon, etc) onto which is deposited 
an insulating layer wit. a hole left adjacent to each imaging . ppcel, The hole 
20 is then Wed with a charge transfer polymer that possesses a tow thermal 
conductivity. The specific thickness of the insulating layer is dependent upon 
M temperature resolution required. Another material b'Mn selectively 
deposited on to each pixel site of the Image, making contact with the exposed 
charge transfer material contained in the insulating layer. This material can 
be an infrared responding material such as a PtZT soHje! or similar material. 
An infrared transparent contact such as polyanline is then deposited over the 
whole device to provide a suitable top contact to define the capacitive 
elements associated with each imaging pixel. 

The present invention also relates to the ihMet printing of a magnetic thin- or 
thick-film device, such as a magnetometer, magnetoresistor. magnetodiode. 
and magnetotransistor. 



25 
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-ln-.no ttW r-p ra fa n »d- W n ^ent. the dev.. composes . magnetic *in- or 

die, a. M .wo adjo^ng porfon. of 
(mm different deposition materials. 

By .ay of example a DC SQUID (supercondutfn, quantum mterferanee 
1 Jrnaanetome.erconsis* of deposHed ^ which torn, the pK*-up cop 

100PH). spin,, input co. f*. - « 

IJe. counter-eiectrode (grourx. plane for input co-, pius Juncbons * the 
base eleclrode. insulator and protective covering. 

Typical materials Indud. Iron oxide. LiFeO,. VB^Cu^ etc Typical 
a £Lon are,, retafr, to a. proposed device types indud.. but 
Zed to. are b^n-ism. security (for exan*.. ««« 

^s). laboratory and non^huctiv. measurement and nave, 
communications, and giar^agnetoreshtor memories. 

^ present invention .too mta.es to ft. applied of a droplet depos«on 
» form - <-ver«ona, and e^lumineecent bad.-.* and 
emissive thin Urn backed holographic device or structure. 

T^e present invent afco n*ftt to the manufacture and use of a p*m« 

Z en*** diode (LED, ilneer or area array for the curing of radhtfon 
Z«*J drops .acted from an in** printh-d on to a vnd. vane* o, 
planar and shaped surfaces. 

Such a polymer LEO can be manufactured using a. .east on. o, evepo^bn, 
S^P*-** and «** depose me«»ds. Tho poiymer 
SaZ pi.., has as an integra, par. a Ian. array that provides *c* 
Z - a source focusing of the e^uminescen, radial mto a pom. 
"1 re6p e^ el y- TN. lens system can be man— using a. ,eas. one 
J vaporaL. spuing. spin^ng. L-B. and drop*, deposrbon methods. 
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^The-po.yner^e^oscm material can be it*** ™* 

range and suKebl. materials mdude. butare,* Wnrted 
fpolytp-phenylene)] and (po.^^^^ 
1 ,4-phenylene-vinylene)]. 

,„ another ambodiman. ot lhe inv^tton *e nor* bo™ (extended or^ahar 

10 nozwv» • overlap aiaa of 0.5 of ttie drop 

wWA, the placement area of a drop with an ovenap ..^ fen and 

wettnfl area, .hereby permit** the prln*^ to be moved m any direObon and 
the dispensed drop will always ba Irradiated. 

1S The present Invent a*o addr^aa, th. problem of direc* ^naferrir,, 
oevJes on to template™ and/or irr^uMy shaped aurfaces. »^ 

„ p w 100 micron) flexible, low temperature piartie sl»et such » 
poster o, polythene, curved vrfndstf«ns * aircraft and automobile, and 
curved surfaces associated with head visor, and ftaeaaa, ...... 

M The present invention -so addresses the Ability to pn^a l»th rellecave and 
transmusive display devices. 

Accord***, h anottw preferred embodiment the device comprises a: 
25 monochrome or colour display. 

The present invention can maK» use of a prMhead to deposit droplets of an 
an^y of custom fluids that when suitably dried on a surface form all of the 
elements necessary for. for example, a planar flat panel display. 



30 



Display types include, but are not limited to: 

polymeric and/or organic electroluminescent displays; 
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-field emission-displays: 



eledrochromic displays; 
photochromic display* 
liquid crystal displays; and 
ferroelectric displays. 

^appuca-norme^^. For insane., dl^ de^Had 
ZoJw resolution diapUys can be fabricated on ***** *<™ <* . 

,0 a ndcanbeo m *ie«".*e^ dl «^ or,? ' ,,,a, ' n9 - 

TtM) present—* a* provides a means of forrrfnu 

ZsLnt dW Wbnnaton on a screen that can be used in a. aspects 

15 ™ «urJL~ - windscreen,, aircraf. wind*—, and ob»n-»n 
SI m-Tors. and dispiay. h « — emergency arise, to pro**e - 
™ roufc and emergency procure — ■ ^ ^ 

to IT messages and other information. 

20 Preferab*. the p,ura«y of dropl.tt comprise - -east one drop.* of one 
material and at least one droplet of anolher material. 

Preferably, the devtaa comprises a plurality of po^ns ooroprisinfl respective 
25 layers.of a rnutWayer display device. 

Preferably, me display """P"** - ■~ ,an ' ac^ed^laypixe.. 

edging persons o, the or eacb pix. b*ng tormed _ one or 
more different deposition materials. 



Printing materials include, but are not restricted to: 

. conjugated polymers (eg, MEH poly(phenylene vinylene); 
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polyaoetyUene derivative. 

The method may farther comprise the step of depositing en ar**eftedion 
coating over said display device. 

The arti-reflecton coding may Incorporate at least one of scratch resistance, 
water permeation and dieted* Isolation. The coating may be formed from an 
ormoeer. such, as for example, a sloxane. 

The method may further comprise depositing an adhesion promoting layer on 
to satd surface prior to the deposition of said display device. The adt«s»n 
promoting layer may be either conductive or insulating, as required. 

The method may emptoy at teas! on. printh«d atbKhed to a robotic arm to 
deposit said dropleta. 

By using a robotic arm having a high degree of freedom, a pianar flat panel 
display may be deposited on a wide variety of flat and thre«Hlimensional 
surfaces, such as curved windscreens on automobiles. 

A lenslet array or a lenticular .ens structure may be deposited on surface of 
the display to provide three-dimensional display effects. 

The present invention also extends to a method of forming a -fractal network- 
photoemissive device using the technique of droplet ejection to deposit 
droplets of one or more different deposition materials. The droplets may 
interact either at the surface on In-flight to form the interpenetration associated 
with the said -fractal network" throughout the deposited material or at selective 
30 depths therein. 

The fractal networks are so designed as to provide greater charge transferer* 
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Lyer. The nation of double beterojunctions can be fadlitated with this 
printing technique. 

*, etedroSta tie „>»y head may be used. in any of *. above embodiment,, 
to deposit said deposition material. 

ThB preS ent invention also extends to. but is not limited to, the use of droplet 
deposition in the following technical fields: 

Microelectronics: 

nanoacale masking; 

printing of quantum dots and weH structures; 

printing of interdkjitated polymeric electrodes on all surfaces: 

printing of polymer batteries and supercapacltors onto 

printing of all-polymer arfve mat* display onto flexible^** she* 

selective area liquid doping of surfaces to achieve electrical, optica, or 

electro-optic change; 

printing of C«o transistor; 

printing particulate loaded (conductive, thermal, etc) structures; 
printing active materials (polymer, sol^el. ormocer. etc) directly onto 
etched MEMS structures; 

printing of hybrid and all-polymer liquid crystal display; 
printing of magnetic array or stripe geometry (ie possible method for 



25 forming GMR - GiantMagnetoResistance); 

printing of wavelength selective fKers directiy onto sem««nductor 

manufacture of a flexible circuit that includes electrical and optical 



sensors; 



transmission; 



printing of 2-D imaging array with multiple wavelength capab,l.ty v,a 3-D 
patterning of specific materials; 

printing of polymeric or organic neural networks; 
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5 



printing of lattices with dimensional modulation in selected axis, 

printing of polymer in presence of electric or magnetic fieW to Induce 

ordering or crystallisation; 

printing ionically conductive materials; and 

printing polymer electroluminescent display with integral lens onto read 
screen of cars. 



Micro-optical: 

all optic processing drcuit for optical computing; 

10 printed lens on car head lights; 

transmisslve display on car wlndowscreen and visors; 

polymeric eledrochromte goggles and sun-glasses: 

printing of selective wavelength focusing for car dip and fog headlamps; 

printing focusing lenses onto splid*tate lasers and LED arrays; 

15 printing lenticular lenses onto 3-D colour television screens; 

printing of diffractive lenses (e.g.. Fresnel zone plate): 
printing computer generated randomised frog-eye- lens array onto 

devices and components; 

printing of 3-D structures to provide anti-reflection response for surface; 

20 and 

printing of dual wavelength single optical fibre with integral dadding and 
diffractive switching; 

Medical: 

25 .surface wound control; 

printing active device drcuit onto skin to monitor reaction to stimuli; 
drug administration using in-situ monitoring drcuit printed directly on the 

skin: 

protective coating for teeth; 
30 print lens correction directly onto eye; 

providing a means of dispensing a suitable fluid at the end of an 

endoscope for in-situ repairs; 
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precise-niixing-of-cheroi^is at the microlitre so sub-picolitre level 



Bio-sensors: 

all-polymer FET 'one-off interrogation throw-away" sensor 
5 printing all-polymer chemoresistors and capacitors; 

printing hybrid and all-polymer chemodiodes and translators; 
printing of proteins and lipids; 
printing of biomimetric structures; 

printing of porous column on optical waveguide for detection of liquid 
10 contamination; 



Ophthalmic: 

printing lens correction directly onto flat plastic blanks; 

3-D surface relief structure printed on plastic blanks for anti-reflection 

15 properties; 

direct printing of photochromlc structures: 

selective or whole area printing of anti-fogging non-wetting coating: 



Sensors: 

20 printing of all-polymer pyroelectric detector with Integral 

sensing/switching transistor 

printing of gas sensing element onto FET collector capacitor area; 
printing temperature sensitive polymers onto surfaces; 

25 Transducers: 

printing piezoelectric printing element using sohjel or ormocer or 

polymeric solutions; 

printing of electroelastomers; and 
printing of micromusdes. 



30 



Thin film deposition: 

surface patterning with a catalytic material for selective area deposition; 
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, u , ccttffi rface enemy conirol by printing sutobl. liquid *» toe* 



SfterMdi0n; pwnsofpyrowctoromercurinojo^nic^ inorganic 



selective are 
coatings; 

5 



printing of non-wttinflO^^^nded annuls on ink^no^o 

^'"Ig of device making adh«Wes - -nr. •*» - 
precision metering. 



printing i 



10 d,™^^ — -"^^*^ 

printing of 3-D logo and customised information onto electronic and 

olhw consUm8r Pr0dU , CB; . „, hloh ar e» by printing Invisible 

identification of personnel In Moll security ar~> j v 

is code/device directly on skin; 

-handshake- specific connectivity; and 

printing all-polymer fingerprint reader onto credit cards and ottter 

security cards. 



20 



Advertising: 

3-D printing on compact discs; 

3-D printing on cosmetic packaging; and 

3-D printing on medical products (eg. medicines for children). 



25 



Publications: , ^u:ih™« 0 - 

pM* cdour tactile graph- (including surface textunnglforch.ldr.ns 

books. , | 

3-D title and graphics for hardback and paperback novels, 

30 printing of luminescent materials for customising effects on books and 

magazines; and 

printing 3-D photographs for magazines. 
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no— 9 ca** P.*- on* car nea^^o*-" 
ar«. prrt.no - «— ^ " 

^ins^ po^r ***** - - 

polymer battery. 

M colour graphics and -Won special ccca**" eakaa. 

,_ ..^h-ihuwav of mwtralion only and w«h 
Tto present invention wil nowhedaacnbed by wayot 

on a print surface; 
25 Figure.2 shows an array of d*posrtion heads; 

_ view ^ a deposition head in combination with 

Figure 3 shows a cross-sectlonai view or « « f 

a UV light source; 



30 



Figures 4a and 4b are cross-sectionai views of a transistor; 
Figure 5 shows a cross-section of a chemotransiston 
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Figure 6 shows a cross-section of a solar cell; and 



Figure 7 shows a cross-section of a display pixel. 

5 

Referring to Figure 1 a three-dimensional electronic circuit element is formed 
on a printing surface using a drop^lemand deposition technique to drop 
multiple droplets 20 of a deposition material from a number of deposition 
heads 22A. 22B, 22C. The deposition heads have a height above the printing 
10 surface between 5//m and 1000>m. Each deposition head 22A. 22B. 22C 
holds the deposition material and ejects It a droplet at a time on demand onto 
the print surface. The deposition materials comprises in excess of 40% solid 
matter and may be any one of the materials discussed in the introduction. 

15 Each deposition head comprises a pressure generation cavity 26 with a 
profiled cylindrical nozzle 28 In one wall of the cavity and a PZT bimbrph 
actuator 30 In an opposite wall. Each nozzle 28 defines a line of ejection 
which is representative of the path a droplet of deposition material will take 
upon ejection. •• 

20 

Figure 1 shows three deposition heads directed towards a single drop site, 
although any suitable number of deposition heads may be used to form the 
desired circuit element. Of course, each deposition head may be directed 
towards respective drop sites rather Ilka a conventional printer head, as shown 
25 in Figure 2. Such a two-dimensional array 36 may provide for the 
simultaneous deposition of multiple droplets. 

Figure 3 shows a deposition head 22 as part of a X-Y deposition system 50. 
The system 50 includes a quartz-halogen lamp 60 supplying UV light through 
an optical fibre 62 to the printing surface 64 onto which the droplets 66 are 
deposited. This system 50 subjects the deposition material to radiation 
treatment after it has been deposited for the purposes of curing the material 



30 
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or other processing. 



10 



15 



20 



pem* Cos. pro»m«y UV and Wrar* "^^^ nnular tadfcSon 

characteristics — — ^ — 

C^rrecognmon « intorfaca so »* .he 

the appropriate x-y co-ordinates ate wo ^vefdrm to 

at the tocaHon requesMd. TMorao™ 
rented element is formed at the bck. „ 

enhancing Bouid pre*ea1r«n. prior to depose the 

■ I 



25 



pattern. 



30 



uv (also in conjunction with infrared radiation - 
^^^^^^Jm^ of the dispensing 
thermally assisted cunng) hrfit source with ^ 

drop ,et via a fjB ^ « — — ^the« ^ 

dimity to the dispensing head (or nozzle -n^ ^ 

va,ueorhH,hpolyrne^^ 

an — laser that employs a — 

,ine UV light beam that is continuously rotatmg aroun 
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Cannula, can befonned by usa* 

M «* casing cap. PMMA or aUemalive polymer can be N« «•»««• 
ItaUV bJLn*, annulus v«h a pertWar op**, focus** It* 

5 envisaged »s Qt ic a | ao integrated onto the y-axts 

the annulus to be fed from a source thai is also Integra 

carriage plate. 

Tb. shape and surface of the nezzto ■ d***- *" Wi-»--M» 

10 e^T-^ from the nozzle. A polished nozzle 2B will have a ^ w "' 

"1, a *S* A taw surface energy nozzle exl, can be ach»ved us*, a 

routefe to gravure print a silicone loaded acrylic UV curing film on to 
15 ^enozaepate (this exh^s a ena W ofless than « «P-J^ 

TZL 1 1» — • ^ Mn9 ' ond la,,,i,,a,e ""^ 

ZZt non-we^, *» mo* ftodble con*, over Ihe ^ - 
^ W Bo* mate** -n be obteined in a varie* of m*al and 
20 laminate core Mdoiesses. 

^ nozzle may mcorporat. » integral piezodectric bimorph nor* shutter 
(not shown) to act a. - sealant trf depPsKton materia. reta-nrf « *• 
^ This feetore prevents ultra**,, light and water vapour from entering 

^^e,^'*^^' 1 '^^^ Such a plunger mean, has a 
relative coaxial sliding fit with tha nozzle whereby a plunger head aligns v/rth 
the no**, aperture to dose «. nozzle and in an open portion •» plunger is 
redacted into *e chamber By controlling the position of the plunger head w*h 
30 respect to I. nozzle aperture. M deposition chamber sfce can be control* 
.hereby allowing an adjustable droplet of deposition material to be e,ected. 
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15 



20 



25 



aperture whereby *• "<*»* * m iriS «*" «™*™*- 

A eeoosflon eorrfro. e-ecWo Md 9— * " 

*J^eWMri the vicinity of the nozzle to control the shape at a ■ l ""?" a " d 
^ly ^^ceposn n,^. IWs Is used to exert a pulling 
dropleW so that less energy » required by the actuators to eject 
the droplets from the nozzle chamber. 

Materia, may be dispensed m a vacuum to fcdlitate ft. deposit** of dropleto 
Td ir=uUlly manor eoua, to 1*m If this were attempted in 

Its dimensional stability and placament accuracy. 

^ he deseed w»h ^ are ^n 
which the various layers and regions of the devices 
purely by way of example. 

Fnures 4a and 4b are cross-sections of a field effect transistor ^^^""u^ °^ 
LC2T-n»«nsMor200con*ns« 9 ato retfon 204 farmed *on,dop^ : 
;^e. ^ Insufctor ** fa^ne of po*r^ 

PMMA and siloxane. gate «suWor 20. form-. d ^*^ " 
7 Crista from one of por/mide and alloxan., source region 210 formed 

rr :.^n.. j:*. - - —rsss 

and ec»yesem.conductorre 8 ion214farmed from 
Une. A protodve ac^opad ormoc* layer 

-fne gate region insulator spacers 206 are shaped- as to conb* I the etodWc 
Zl LZ E a. the edge, of. the gat. region 204 in order to nwn.se 
:ir— -e spacers 206 may U*e any de,red shape. v*bin the 
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^ „ Hm p.et size and curing technique, that is, on the deposition technique 

used. 

,„ order to control the banter height, an interface layer 218 is termed on the 
toeing walls of the source region 210 end the drain mgion 212 prior to the 
*posRk.n of the active semiconductor region 214. end Into which the 
semiconductor region dtffuses during deposition and/or curing thereof. The 
interface leyer 21B may he formed from TCNQ or a liquid equivalent 

Figure 5 shows a cross-section of »n;example of a device for sensing 
hydrooen. The device eon.pd.es . dmmotranslstor 300. which comprises 
subsWte 302. pretarably In the form of a flexible plastic, sheet, polymeric 
insulator layers 304 and 306 formed from one of poWmkfe. PMMA and 
siloxane. source region 308 and drain region 310 formed from n-doped 
polyanillne. active semiconductor region 312 formed from p-doped oolyanlbne. 
source contact 314 formed from doped poryaniBne. porous gate contact 316 
formed from polyanillne doped with one of C or CI. and drain contact 318 
form* from doped polyanillne. All of the layers, regions and contada 304 to 
318 are formed by a droplet deposition technique. 

Figure 6 shows a cn*s-section of a solar cell 400. The solar eel 400 is 
formed on a substrete 402. preferably a plastics sheet 402. A prelammated 
alumWum layer 403 i. reformed on the substrate 402. Alternatively, layer 
403 may comprise a deposited layer of polyene ^ a layer of TCNQ for 
injecting electrons deposited thereon. A layer 404 of C. doped PPV « 
deposited on layer 403. and a layer of intrinsic material 408. such as 
octaethyiporphine. is deposited on me layer 404. Layer 408 of a p-type 
polymeric semiconductor material, such as OOPPV, and layer 410 of a 
transparent conductor, such as polyaniline. are subsequently deposrted. An 
erray of microlenslets 412. preferably formed from an ormocer.for maximising 
the light collection efficiency of the cell am then deposited on the layer 410. 
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-— nouro 7 ,1 —** of. di«play pixel 500. T*. pixd i» tbnned on 

a substrata 502. which may be f rigid or flexible. The pixel comprises a 
reflective base contact layer 504. which may be formed from aluminium. Upon 
uwer 504 are deposited isolation insulators 508. Ibrmed from one of polype. 
5 PMMAand sitoxane. an ac^lyr-Kricelec^luminescent region 508 formed 
Son, a PPV derivative and a transparent ormocar top contact 510. 

„ „, „e understood that the present invention has been described above 
purely by way of example, and modifications of detail can be made within the 
10 scope of the invention. 

Each feature disclosed in the d«cnptton. and {where aoproprtat.) the daims 
and drawings may be provided independent* or In any appropnate 

combination. 



15 
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CLAIMS 



1 A method of forming an electronic device using the technique of droplet 
election to deposit droplets of depositor, material. said method comprising 
depositing a plurality of droplets on a surface to form the device so as to 
comprise multiple discrete portions. 

method according to Claim 1, ^herein the electronic device is a 



2. A 
10 transistor. 



3. A 
transistor. 



method according to Claim 2, wherein said transistor Is a field: effect 



4 A method according to Claim 3. wherein said method comprises the 
steps of depositing a gate region on said surface, depositing a gate insulator 
, ay er over said gate region, depositing a source region and a drain region on 
said gate insulator layer, said source region being remote from said dra.n 

. region, and depositing an active semiconductor layer beiww 
20 region and drain region. 

5 A method according to Claim 4. said method further comprising the 
step prior to the deposition of said gate insulator layer, of depositing a gate 
electrode insulator layer at each end of said gate region to minimise: leakage 

25 currenL 

6 A method according to Claim 4 -or 5. wherein said method further 
comprises the steps, prior to the deposition of said active semiconductor 
material, of depositing interface layers on facing walls of said drain and source 

30 regions into which said active semiconductor material diffuses so as to control 
the barrier height of said transistor. 
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W regions are supplied W — 
deposition printheads: 

• ^ of claims 4 to 7, wherein the droplets 
o a method according ta any of Claims ^ iu ... 

pnnthead h^g « piur^ W wpanM. lluW supply. 

tnermntpr. a mien* „ lementgas sensorend a conducting 

polymeric device for sensing pel*'' molecules at room temperature. 

: 13 A me.KxIaccon-ing^C.a.n.^o, 12. ^^" m °"^ 

.-.-I „f a n amorphous silicon thm film 
; portions of the device comprises part of an arnorpno 

25 transistor switching array. 

_,. . Qriw nf rlaims 11 to 13. wherein a plurality of 
!4. A method according to any of Claims n»' : 

sensors are deposited in an array. 

«- ^isirvic 11 to 14 wherein the device 
30 15 A method according to any of Claims 11 to 14. wn« 

Indodes a signal comparison and amplification circuit. 
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1fi A method a cc ording to any of Claims 11 to 15 , herein the sensing 

device indudes a biocompatible layer.and said method furW^rises^e- 
step of depositing at least one biocompatible layer on said surface. 

5 17 A method of forming a biocompatible layer on a substrate using the 
technique of droplet election to deposit droplets of deposition material, sari 
method comprising depositing a plurality of droplets on said substrate to form 
said biocompatible layer, said layer comprising multiple discrete portions. 

10 18. AmetrK^accord^toCleimieorU.whereins 
Is formed from polyethylene glycol. 

19 A method according to any of Claims 11 to 16. further comprising the 
step of depositing a thin film polymeric battery on said surface. 

20. A method according to Claim 1. wherein the device is a polymeric 
battery. 

21 A method according to any of Claims 19 and 20. wherein said method 
indudes the steps of depositing a first contact layer on said surface, depositing 
a polymeric electrolyte on said first contact layer and depositing an second 
contact layer on said eledrolyte. 



15 



20 



22 A method according to Claim 21. wherein said first and second contact 
25 layers.are respectively formed from one of a doped polyaniline and a T1S, 
organically-modified ceramic. 

23. A method according to Claim 21 or 22. wherein said electrolyte is 
formed from PEO/LiCI0 4 . PPO/LiCF,S0 3 . a polyphosphate and a 
30 poryelectrolytas. 



24. 



A method according to any of Claims 21 to 23. wherein the contact layer 
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and electrolyte are deposlted-ln-a saodwlch_8trucM^_ 



25 A method according to any of Claims 21 to 24, wherein the droplets 
forming the layers and the droplets forming the electrolyte are supplied by 
respective droplet deposition printheads. 

26 A method according to any of Claims 21 to 24. wherein the droplets 
forming the layers and the droplets forming the electrolyte are supplied by a 
butted droplet deposition printhead having a plurality of separate fluid supplies. 

27. A method according to any of Claims 11 to 16, further comprising the 
step of depositing a heteroface solar cell on said surface 



28. A 
15 cell. 



method according to Claim 1. wherein the device is a heteroface solar 



29. A method according to Claim 1. wherein the device compnses a 
photovoltaic structure. 

20 30. A method according to Claim 29. wherein said photovoltaic structure 
comprises at least part of a solar coll. 

31 . a method according to Claim 14. further comprising the step of 
depositing an optical material on said solar cell. 

32. A method according to Claim 31, wherein said optical material 
comprises one of an organically-modrfled ceramic and a polymer. 



33. A method of forming at least part of an electronic device using the 
technique of droplet ejection to deposit droplets of deposition material, said 
method comprising depositing a plurality of droplets on a partially formed 
device so as to form a complete electronic device. 
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34 A method according to_Clalm_33. JivherSHn^said electroni c dev ice Is a 

ferroelectrically-driven silicon cantilever. 

35. A method according to Claim 34, comprising the steps of depositing a 
5 ferroelectric thin film on a prefabricated cantilever and crystallising said film 

using a rapid thermal processing treatment. 

36. A method according to Claim 33, wherein said electronic device is a flat 
panel display. 

10 

37. A method according to Claim 36, comprising the steps of depositing 
soluble or dispersed phosphors and dyes contained in a suitable fluid medium 
to provide a selective area deposition of the said phosphor 

15 38. A method according to Claim 37, further comprising the steps of 
depositing a plurality of phosphor-containing layers adjacent to an imaging 
pixel on a glass cover that houses a transparent top contact of said display. 

39- A method according to Claim 33. wherein said electronic: device Is one 
20 of a photovoltaic device and an emissive device that requires selective area 
filtering. 

40. A method according to Claim 39, comprising the step of depositing 
stripe or pixel dye filters on said device. 

25 . 

41. A method according to Claim 40, wherein said deposition material 
comprises one of a ferrous chelate, a silicophosphate and an organically- 
modified ceramic. 

30 42. A method according to Claim 1, wherein said electronic device 
comprises ah optical waveguide, at least, two adjoining portions of said 
waveguide being formed from different deposition materials. 
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43. A method according to. Claim 42, wherein said method comprises the 
steps of depositing a polyimide layer on said surface, depositing a PMMA layer 
on said polyimide layer and depositing an organically-modified ceramic layer 
on said PMMA layer. 

5 

44. a method according to Claim 43. wherein the droplets forming the 
respective layers are supplied by respective droplet deposition printheads. 

45. A method according; to Claim 43. wherein the droplets forming the 
10 respective layers are supplied by a butted droplet deposition primhead having 

a plurality of separate fluid supplies. 

46. A method according to Claim 1. wherein said electtonic device 
comprises a charge handling conductor 

15 

47. A method according to Claim 46, wherein said charge handling 
conductor is formed from polyarilllne material. 

48. A method according to Claim 1 . wherein : said electronic device 
20 comprises a fusible link for a circuit 

49. A method of forming at least part of a thermal imaging array using the 
technique of drop ejection to deposit droplets of deposition material.- said 
method comprising depositing a plurality of droplets on said surface to fqrm at 

25 least part of said thermal Imaging array comprising multiple discrete portions, 
at least two adjoining portions being formed from different deposition materials. 

50. A method according to Claim 49. comprising the step of depositing an 
insulator layer on an active matrix transistor array, said insulator layer defining 

30 a hole adjacent to each respective imaging pixel. 

51. A method according to Claim 50. further comprising the step of 
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substantially Wiling each hole with a charge t ransfer polymer h avin g a relative ly 
low thermal conductivity. 

52. A method according to Claim 51. further comprising the step of 
5 depositing over each substantially filled hole an infra-red responding material 

to make contact with the exposed charge transfer material contained in the 
holes. 

53. A method according to Claim 52, wherein said infrared responding 
10 material is a PLZT sohgeL 

54. A method according to Claim 52 or 53, further comprising the step of 
depositing an infrared transparent contact over the structure to provide a 
contact for defining capacrtive elements associated with each imaging pixel. 

15 

55. A method according to Claim 1, wherein said electronic device 
comprises a magnetic thin- or thick-film device, at least two adjoining portions 
of said device being formed from different deposition materials. 

20 56. A method according to Claim 1, wherein said electronic device 
comprises a monochrome or colour display device. 

57. A method according to Claim 56, wherein said device comprises a 
plurality of portions which comprise respective layers of a multi-layer display 

25 device 

58. A method according to any of Claims 56 and 57, wherein said device 
comprises at least one electrically active display pixel, at least two adjoining 
portions of the or each pixel being formed from one or more different 

30 deposition materials. 

59. A method according to any of Claims 56 to 58, further comprising the 
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step of depositing an ankrefle^ 

60. A method according to any of Claims 56 to 59, further comprising the 
step of depositing an adhesion promoting layer on to said surface prior to the 

5 deposition of said display device. 

61 . A method according to any of Claims 56 to 60, employing at least one 
printhead attached to a robotic arm to deposit said droplets. 

10 62. A method according to any preceding daim, wherein the plurality of 
droplets comprise at least one droplet of one material and at least one droplet 
of another material. 

63. A method according to any preceding claim, wherein said surface is 
15 rigid. 

64. A method according to Claim 63,i wherein said surface is; formed from 
one of glass and plastics material. 

20 65. A method according to any of Claims 1 to 62, wherein said surface is 
flexible. 

66. A method according to Claim 05, wherein said surface isjformed from 
plasties sheet material. 

67. A method according to any preceding claim, using an electrostatic spray 
head to deposit said deposition material 
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Amendments to the claims have been filed as follows 

•, A method of forming an electronic device using the technique of drop on 
5 demand printing to deposit droplets of deposition material, said method 
comprising depositing a plurality of droplets on a surface to form a patterned 
electronic device comprising multiple discrete portions. 

2. A method according to Claim 1. wherein the electronic device is a 
10 transistor. 



15 



25 



3. 

transistor. 



A method according to Claim 2, wherein said transistor is a field effect 



4. A method according to Claim 3. wherein said method comprises the 
steps of depositing a gate region on said surface, depositing a gate insulator 
layer over said gate region, depositing a source region and a drain region on 
said gate insulator layer, said source region being remote from said drain 
region, and depositing an active semiconductor layer between said source- 
20 region and drain region. 

5> a method according to Claim 4. said method further comprising the step, 
prior to the deposition of said gate insulator layer, of depositing a gate electrode 
insulator layer at each end of said gate region to minimise leakage current. 



6. A method according to Claim 4 or 5, wherein said method further 
comprises the steps, prior to the deposition of said active semiconductor 
material, of depositing interface layers on facing walls of said drain and source 
regions into which said active semiconductor material diffuses so as to control 
30 the barrier height of said transistor. 
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7. A rnetho*according-to any-of JZ\aimsJL to g.Jwh^eirLsaid method further 
comprises the step of depositing an isolating layer over said transistor. 

8 . a method according to any of Claims 4 to 7, wherein the droplets 
S forming respective layers or regions are supplied by respective droplet 

deposition printheads. 

9 . A method according to any of Claims 4 to 7. wherein the droplets 
forming respective layers or regions are supplied by a butted droplet deposition 

10 prlnthead having a plurality of separate fluid supplies. 

10. A method according to Claim 1 , wherein the electronic device is a diode. 

11. A method according to Claim 1 , wherein the device comprises a'plurality 
of portions comprising respective layers of a multi-layer sensing device. 



15 



20 



12. A method according to Claim 11. wherein the device comprises one of 
a chemoresistor, a chemocapacitor, a chemodiode, a chemotransistor, a 
thermistor, a micropellistdr. a thermoelectric sensor, a piezoelectric sensor, a 
surface acoustic wave device, a multiple element gas sensor and a conducting 
polymeric device for sensing polar rnolecules at room temperature. 



13. A method according to Claim 11 or 12. wherein one or more of the 
portions of the device comprises partof an amorphous silicon thin film transistor 

25 switching array. 

14. A method according to any of Claims 11 to 13. whereina plurality of 
sensors are deposited in an array. 

30 15. A method according to any of Claims 11 to 14. wherein the device 
includes a signal comparison and amplification circuit. 
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16. A method according to any of Claims 11 to 15, wherein the sensing 
device includes a biocompatible layer, and said method further comprises the 
step of depositing at least one biocompatible layer on said surface. 

17. A method of forming a biocompatible layer on a substrate using the 
technique of drop on demand ;printing to deposit droplets of deposition material, 
said method comprising .depositing a plurality of droplets on said substrate to 
farm a patterned biocompatible layer, said layer comprising multiple discrete 
portions. 

1 8. A method according toiciaim 16 or 17, wherein said biocorripatibte layer 
is formed from polyethylene glycol. 

19. A method according to any of Claims 11 to 16, furttier comprising the 
15 step of depositing a thin film polymeric battery on said surface, 

20. A method according to Claim 1. wherein the device is a polymeric 
battery. 

20 21 . A method according to any of Claims 19 and 20, wherein said method 
includes the steps of depositing a first contact layer on said surface, depositing 
a polymeric electrolyte on said first contact layer and depositing an . second 
contact layer on said 'electrolyte: 

25 22. A method according to jClaim 21 , wherein said first and second contact 
layers are respectively formed from one of a doped polyaniline and a TiS, 
organically-modified ceramic. 

23. A method according to Claim 21 or 22. wherein said ejectrolyte is formed 
30 from PE0/UCI0 4 , PPO/LiCFjSCv a polyphosphazene and a polyelectrolytes. 



24. 



A method according to any of Claims 21 to 23, wherein the contact layer 
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. anositad ln a sandwich structure, 
and electrolyte are deposited in 

• .91 to 24 wherein the droplets 
„ to anv of Claims 21 to £+. w 

5 respective droplet deposition Prfntheads. 

26 . a method accords to ^ ^ ^ pplied „„ . 

bu «ed droplet deposition pnnthead havtng 

10 „, aalm s 11 to 16. further comprising the 

27 A method according to any of Clams 

depose a Heteroface sola, ceii on said surface : 

,„claim1 wherein «ie device is a heteroface soiar 
z8 . A method according to Clarrp • . vm 

1S cell. 

A . n to Clalrn 1; Wherein the device: comprises a 
29. A method according to Claim 

photovoltaic structure. 

. ri*im 29 wherein said photovoltaic structure 
20 3d A method according to Claim 29. wh 
comprises at least part of a solar cell. 

- m 14 further comprising the step of 

31 a method according to Claim 14. tu 
depositing an optica, materia, on sa^d so«ar ; cell. 

25 ^, im 11 wherein said optical material comprises 

32 A method according to Claim 31. wher 

rneofanorganicallv-mod^ • 

rt of an electronic device using the 
33 . a method of forming at least pa . . ^ ^on material, 

. lechn.u.of ^.^JJS. - P-*=«* 

saro melhod comprising deposing a ***** 9 
oe v te e so as to .orm a complete electmnrc dev,ce, 
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34. A method according lo Claim 33, wherein said electronic device is a 
forroelectricaHy-drtven silicon cantilever, 

35 A method according lo Claim 34, comprising the steps of depositing a 
ferroelectric thin film on a pre -fabricated cantilever and crystallising said f,lm 
using a rapid thermal processing treatment. 

36. A method according to Claim 33. wherein said electronic device is a flat 
panel display. 



to 



20 



25 



37 



A method according to Claim 36. comprising the steps of depositing 
Io,ub.e or dispersed phosphors and dyes contained In a suitable fluid medium 
to provide a seleciive area deposition of the said phosphor. 

15 38 A method according to Claim 37. further comprising the steps of 
depositing a plurality of phosphor-containing layers adjacent loan imaging p.*e. 
on a glass cover that houses a transparent top contact of said display. 



39 A method according to Claim 33, wherein said electronic device is one 
of a photovoltaic device and an emissive device that requires selective ia rea 

filtering. 

40. A method according to Claim 39, comprising the step of depositing stripe 
or pixel dye filters on said device. 



41. A method according to Claim 40. wherein said deposition material 
comprises one of a ferrous chelate, a sllicophosphate and an organically- 
modified ceramic. 

■ • . * 1 i 

30 42. A method according to Claim 1 . wherein said electronic device comprises 
an optical waveguide, at least two adjoining portions of said waveguide being 
formed from different deposition materials. 
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«. A method according * «< «■ — *" ^ *" 

poU- - - organ Wy-modfied cerate .aye, 

on said PMMA layer. 

5 M A method according to Claim 43. wherein the droplets ^|' T1 ''^ 
"specie .ayers are supplied * respect drop... deposit Pleads. 

as a method according to Cairn 43. wherein the droplets taring the 

a pluraBty of separate fluid supplies. 

a charge handling conductor. 

15 u — t „ riaim 46 wherein said charge handling 

47. a method according to Claim wn 

conductor is formed from polyaniline material. 

u Mn 9im i wherein said electronic device comprises 

48. a method according to Claim 1,wrteremsai 

20 a fusible link for a circuit. 



25 



30 



49 A method of toning a, leas. par. of a them* imagmg array u^gme 
Unique of drop or. demand prin<ing to deposit droplets of deposflon rrutenal. 
Z ZL* coUing depose a pluratity - drop** on said surface o 
^patterned svueture comprising at feast par. o, said thermal .maging 
^ si array coming muTCpie discrete P-* * ™ ^ 
portions being formed from different deposition matenals. 

so A method accord,*, to Ciaim 49. comprising the step of depositing an 
a hole adjacent to each respective imaging potel. 



